I model and simulate the effects of employment tax cuts on unemployment and wages in four equilibrium models: competitive, union bargaining, search and efficiency wages. I find that if the ratio of unemployment compensation to wages is fixed, the effect of the tax cut is mainly on wages. But if income out of work is fixed in real terms, there are substantial employment effects. When wages are determined by bargaining, revenue-neutral reforms that make the tax more progressive also reduce unemployment. Thus, policy towards unemployment compensation and tax structure are key influences on the effect of taxes on unemployment.
High unemployment rates have been a feature of European labour markets for many years, despite the high priority attached to the problem by the European Commission and national governments and despite the many pieces of policy advice available. One piece of policy advice that appears to command universal support is reform of the employment tax system, with the aim of reducing the tax burden on employers. For instance, the European Commission's White Paper on Growth, Competitiveness, Employment, advised governments to "set themselves the target of reducing non-wage labour costs by an amount equivalent to 1% to 2% of GDP", "in order to help maintain employment and create new jobs without reducing wage levels". 1 My objective in this paper is to evaluate the impact of the structure and level of employment taxes on equilibrium unemployment, in the light of recent theoretical work on labour markets.
Of course, there is plenty of theoretical modelling and empirical estimation addressed to the question of employment taxes. 2 My reasons for writing yet another paper are two. First, the literature addressed the issue in a variety of models but has not attempted to say how much quantitative difference it really makes to have one model rather than another. Second, the implications of the structure of taxation are seldom made explicit, though the literature often compares and evaluates different types of taxes (eg employment, income or expenditure taxes), a question not addressed in this paper. 3 The first point is important because we do not yet have a definitive model for the European labour market. I examine how much difference it makes when different models are used to evaluate the impact of policy, by simulating the effects of tax changes in four partial equilibrium models: a competitive model, a union model where wages are determined by a bargain between firms and unions, a search model where wages are also determined by a bargain but now between firms and individual workers and an efficiency wage (shirking) model.
The second point is also important because, as we discover in this paper, changes in the structure of taxation that are revenue-neutral can sometimes have a bigger impact on employment than a general tax cut that substantially reduces overall tax revenue. It turns out, however, that this is the case in some models but not in others, so whether the reform is likely to be effective or not depends on the predominant method of wage determination in the labour market in question. I investigate and discuss this point with reference to simulation results with the same four models.
The four models are partial equilibrium ones in the sense that capital is ignored and the disincentives of taxation in other areas of economic activity, such as the emergence of a black economy or the migration of labour or capital to low-tax countries, are ignored. They are, however, "equilibrium" models, in the sense that both wages and employment are determined within the models at the micro level. A useful common framework that links the four models is one where employment and wages are determined at the intersection of two curves, a conventional labour demand curve and a wage-setting function (which in the competitive model is a labour supply curve). The intersection is at a point to the left of maximum desired labour supply, so there is unemployment in equilibrium.
A cut in employment taxes in this framework shifts the labour demand curve to the right. Both real wages and employment rise but how much is the impact on employment depends on the slope of the wage-setting function. If it is flat there is "real wage resistance" (see, for example, Tyrvainen, 1995) , and employment rises by a lot. But if the wage-setting function is steep, wages rise sufficiently to absorb the tax cut and employment does not change. Thus, the issue that needs to be quantified in the simulations is the slope of the wage-setting function.
The key finding of this paper is that the slope of the wage-setting function depends crucially on the relation between taxes and unemployment benefits and on the structure of taxation. Thus, I find, first, that if unemployment benefits are indexed to wages, real wages are flexible and they absorb tax changes without much impact on employment or unemployment. But if unemployment benefits are held constant in real terms when taxes are changed, real wages are more rigid. In other words, the wage-setting function is steeper when unemployment benefits are indexed to wages and flatter when they are indexed to prices. Consequently, all models imply that across-theboard tax cuts that do not change the ratio of unemployment benefits to the post-tax wage are not likely to have much of an impact on employment. But if the tax cuts are allowed to change the ratio of unemployment benefits to the post-tax wage, the four models imply that the impact on employment can be large.
Second, changes in the structure of taxation (ie whether taxes are made more of less progressive) can have dramatic effects on unemployment even if their average level is held fixed. This is true, however, only in bargaining models. A more progressive employment tax shifts the wage-setting function to the right. Thus, if employment tax cuts are targeted so as to make the tax system more progressive, then in models where wages are determined by a bargain, as they are in the union and search models, the impact on employment is large. But if wages are determined competitively or as in the shirking efficiency wage model, the structure of taxation is irrelevant to the impact of the tax cuts. In this respect, the four models studied here have different implications for policy.
In Section 1, I describe the tax structure that I study. In Section 2, I discuss the demand for labour, which is similar across the four models. In Sections 3, 4, 5 and 6, I respectively consider the role of the tax in a competitive, union, search and efficiency-wage framework. I study labour market equilibrium under specific functional forms and I also discuss the numerical values of some key parameters. In Section 7, I report the results of simulations and show first, the importance of the structure of the tax and second the role of unemployment benefits in employment determination. The main conclusions are collected in Section 8.
PRELIMINARIES
A general structure for a tax on employment that subsumes proportional, progressive and regressive taxation is the linear tax,
where T stands for the tax collected from the firm per employee, w is the firm's wage rate and a and t are the tax instruments. I assume that t is either positive or zero but a can also be negative. If it is negative, it is equivalent to an employment subsidy and when combined with a positive t, it implies that the overall employment tax is progressive. If a is zero, the tax is proportional to wages and if it is positive the overall tax is regressive.
In order to isolate the effects of employment taxes, I derive employment and wage equations in the four models that I study without imposing constraints on the overall tax revenue. 4 Also, I assume that the taxes levied on a particular firm are unrelated to any social security benefits that accrue to its workers, such as benefits in the event of unemployment or retirement pensions.
As already indicated, an important modelling issue concerns the government's unemployment compensation policy. Results depend on whether the government's policy is to fix the ratio of benefits to wages or the real level of benefits. Of course, in a long-run equilibrium with real wage growth, if benefits are not raised along with wages the unemployed would be suffering a continual drop in their relative living standards (though not in their absolute standards), so it is not likely to be a feasible political equilibrium. The relevant question here, however, is whether when taxes are reduced and wages rise, unemployment benefits are also raised to compensate the unemployed for a once-for-all deterioration in their relative living standards. The 5 answer to this question depends on the nature of government policy. Because of the importance of this issue for the employment tax, I work out the effects of employment taxes both when the policy variable is the ratio of benefits to wages and when it is the level of real unemployment benefit.
THE DEMAND FOR LABOUR
Labour demand in all models is derived from the maximisation of profit under price-taking behaviour. The production function is assumed to be CES,
where y is output, k is the capital stock, n is employment, A is a technology parameter, a is a parameter between zero and one and s >0 is the elasticity of substitution between labour and capital. If s =1 the production function becomes Cobb-Douglas. It is convenient to think of the magnitudes in (2) as ratios to an exogenous labour supply, or alternatively to think of n as constrained from above by unity.
Normalising the price of output to unity and assuming that the firm has to pay taxes a + tw per employee, profit maximisation with respect to n gives the condition,
The two-equation system, (2) and (3), is solved for the supply of output and the demand for labour for a given wage rate and is referred to as the demand side of the labour market. Employment taxes shift the labour demand curve down by increasing the cost of labour. The structure of taxation does not matter for the demand for labour, once the wage rate has been determined. The demand parameters that matter for the effect of taxes on employment are the ones that determine the shift of labour demand in response to a change in costs, ie the wage elasticity of the demand for labour.
Inspection of (3) shows that the two parameters that influence the wage elasticity are s and a. Some experimentation with s showed that the results are not sensitive to small variations in its value. I adopted s =0.7 as the benchmark, though results with s =1 were similar to the ones reported. For a, which approximates the share of capital, I took 0.3 as the benchmark. Since the models that I study do not endogenise either capital or technology, the parameters A and k are free and set at A=k=1. Their status is that of normalising constants in this analysis and the implication of unit choice is that at zero unemployment, y=n=1.
COMPETITIVE LABOUR MARKETS
The key assumption in the competitive model is that both firms and workers are price takers in labour markets and wages are set at the level where the aggregate demand for labour is equal to the aggregate supply. Unemployment is treated as time off work during which the worker enjoys some return which is less than the wage rate. It is the difference between some exogenous endowment of labour (the level of potential labour supply) and the level of labour supply generated by the model. What is a little different in our model from more conventional competitive models is that we assume that the difference between the endowment of time and the supply of labour generates both some leisure value and some income, which we call unemployment benefit. In the modelling, the exogenous level of potential labour supply is normalised to unity. In simulations, the free parameters in the utility function are chosen such that the unemployment generated by the model corresponds to actual unemployment in some baseline situation.
The utility function is defined over a composite good and leisure and it is of the CES variety. The model is a static equilibrium one so the period of analysis should be thought of as a sufficiently long period 7 (say a year) during which adjustment to the desired equilibrium is complete. The utility function is
where C is the composite consumption good and n is working time. B, ß and ? are all positive parameters, with 0<ß<1. The important parameter in the simulations of tax changes is ?, which we discuss later. B and ß are free taste parameters. B drops out of the final expressions whereas ß turns out to be an important determinant of the level of equilibrium employment but not of the proportional effects of taxes on it. I set its value in the simulations such that the equilibrium unemployment rate in the absence of taxation is 6%.
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This value, given the other parameters of the model, turns out to be ß=0.964.
A reasonable assumption is that savings and wealth do not influence labour supply (except in a long-run growth situation, which we do not consider here), so the budget constraint facing the worker may be simply specified as C = nw+(1-n)b, where w is the real wage rate received by the worker and b<w is the level of real unemployment benefit. In competitive equilibrium the worker chooses labour supply to maximise
Time off work ("unemployment") yields leisure but is costly to the worker because work yields higher income.
Differentiation with respect to n gives the first-order maximisation condition,
' 0.
Second-order conditions are satisfied at all values of n between 0 and 1, which we impose as a time constraint. We derive two supply functions from (6), one for a fixed ratio of benefits to wages (the replacement ratio), denoted by ?, and one for 8 fixed real unemployment benefits, b. Letting n s denote labour supply we derive from (6), for the case where the policy parameter is ?,
If the policy parameter is b, (7) is transformed by replacing ? by b/w to give,
Our first important result is already apparent in these two supply functions. The function with fixed real benefits, (8), is flatter at all wage levels than the function with fixed replacement ratio, (7). Therefore, a shift in the labour demand curve caused by tax changes will have a bigger impact on employment and less impact on wages when real benefits are fixed than when the replacement ratio is fixed. The intuition behind this result is simple. Say labour demand shifts up, bidding up real wages. If real benefits are fixed, wages rise relative to unemployment income, making unemployment a relatively less attractive state than previously. So, the supply of labour rises, resulting in an increase in employment. But if the replacement ratio is the policy parameter -as wages rise, unemployment benefits are also increased reducing the incentive to substitute work for unemployment at the new higher wages.
The CES functional forms are such that if ? = 1, the income and substitution effects on labour supply offset each other exactly in the case of a fixed ?, and the labour supply curve is vertical.
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?>1 implies that the substitution effect dominates the income effect and the labour supply curve has a positive slope. If ?<1, the labour supply curve is 'backward bending'. If b is the policy parameter, however, labour supply slopes up at values of ? exceeding some number strictly less than 1-?. So the range of values of ? which give positive employment effects of tax cuts is increased.
Empirical evidence shows that ? is always less than 1 for men but above 1 for women. 7 Moreover, whereas for men ? might drop to 0.8 or 0.7 or even further below, for women it is rarely above 1.5. So taken at face value, the competitive model for the whole economy must have a ? either close to 1 or below it. For constant ?, this would give a backward-bending labour supply curve and perverse effects of taxes on employment but for constant b the effects of tax cuts on employment might still be strong. To illustrate the effects of taxes in the competitive framework, I simulated the solution for ?=1.2; the simulations will show that even at this ? the real wage absorbs virtually the entire tax in cases where the policy parameter is the replacement ratio.
Another interesting feature of the competitive model is that the structure of taxation does not matter for equilibrium. What matters is only the total amount that taxation adds to the firm's wage costs. This confirms our claim that in models without bargaining, changing the structure of taxation does not influence unemployment.
UNION WAGE BARGAINING
Suppose now that workers are organised into trade unions and wages are determined after a bargain between the firm and the union. We consider labour market equilibrium when there are many independent decentralised trade unions.
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Each firm negotiates with a single union which assumes that it is too small to influence the outcome of the market.
I specify the equilibrium with unions by assuming that the demand side of the model is the same as in the competitive case but the supply side is replaced by a union utility function and a negotiated outcome for wages. The union model that I use is that of the 'right to manage', where the union and the firm bargain over wages but the firm chooses employment to maximise profit, by taking the negotiated wage as given (see Nickell and Andrews, 1983; and Farber, 1986) .
Equilibrium is described by three equations, the production function (2), the labour demand (3) and the wage equation, to be derived.
The union utility function and the wage bargain introduce more parameters into the wage equation, which now plays the role that the supply of labour equation played in the competitive model. For convenience, I assume that in the absence of unions the full employment equilibrium is independent of policy and defined by n=1. For the union equilibrium to be feasible, the wage curve derived from the bargain has to lie everywhere to the left of the competitive labour supply curve, otherwise labour supply will constrain union choices. This is always satisfied for as long as the union equilibrium is constrained by n # 1.
There is still no consensus about the best union utility function to use.
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Functions that have proved popular are the 'utilitarian' one (Oswald, 1982; Layard et al, 1991) and the Stone-Geary one (Dertouzos and Pencavel, 1980) . In what follows I use the utilitarian approach, which has proved the most popular one in the analysis of labour market equilibrium with unions. Some of the results obtained with this utility function are, however, too restrictive and further work on union preferences is likely to prove fruitful.
The function that I use for union i is,
where n i is union employment, m i is union membership, assumed for convenience to be always greater than union employment, w i is the wage rate negotiated by the union, w is the wage rate elsewhere, u is the unemployment rate and b is the unemployment benefit. The union is assumed to be risk averse with coefficient of risk aversion ?>0.
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Most macroeconomic treatments of union models assume risk neutrality (?=0) but as I shall argue, risk aversion introduces an interesting dimension into the final solution.
The assumption underlying (9) is that the union members who do not get employment in the union firm seek employment elsewhere with a positive probability of finding a job paying w and a positive probability of unemployment on benefit. As an approximation, and to avoid an explicitly dynamic model, the probabilities are taken to be the rate of employment and the rate of unemployment respectively. The utility function in (9) does not distinguish between one union member and another: all carry the same weight in union decisions and all are exposed to the same unemployment risk. Thus, both seniority considerations and membership dynamics are ignored in this analysis.
A decentralised union cannot influence either u or w. In equilibrium, however, all decentralised unions will negotiate the same wage and employment for their members, so w i =w and u=1-n i . The union and the firm bargain over wages, given (2) and (3). The wage rate maximises the product (
, where d is a parameter between 0 and 1 showing union bargaining strength, V is the utility gained by union members if employment at the firm is zero (obtained by substituting n i =0 in (9)) and ? i is the profit of the firm, defined by
If d=1, we have the simple monopoly union model, with the union choosing the wage and the firm choosing employment.
We maximise the product of union utility and firm profit subject to (2) and (3) and then impose symmetry on the outcome to obtain the wage equation,
(11) For fixed b, this equation, (2) and (3) are solved for the endogenous variables y, n and w. If b were fixed in terms of the wage rate, we replace b by ?w in (11) and then solve the system (2), (3) and (11).
I discuss the properties of the solution by making the ? substitution and also by writing the intercept of the tax schedule, a, as a fraction z of the equilibrium wage rate. )/(1!?) and use the demand condition (3) to get rid of y from (11). ? is the loss in income, measured in utility terms, that union members suffer when they remain unemployed instead of getting a union job. As risk aversion rises, this loss also rises, because the uncertainty of whether the union member will end up with a job or unemployed is costlier. But as the level of unemployment benefit rises this loss falls.
The substitutions made above give the wage equation,
A much simpler version of this equation is obtained when the elasticity of substitution between labour and capital is unity. In that case, (12) can be uniquely solved for the unemployment equilibrium,
Unemployment exists in equilibrium (over and above any competitive level) because it acts as a discipline on union wage demands. Unions bargain over the wage by taking other unions' actions as given: they try to beat an average that is ultimately made up of the actions of similar unions. When they push up the wage they create unemployment, which eventually raises the chances that their members who do not get a job with their own firm will remain on benefit to such a level that makes any higher wage undesirable. In contrast to the competitive case, employment taxes shift both the wage equation and the labour demand equation. Taxes shift the wage equation because firms and unions perceive that the tax they pay depends on their wage choices: by not conceding a wage rise of one unit to the union, both firm and union jointly save t units. Unions perceive this saving, so they agree to settle for a lower wage. This saving does not arise with respect to the intercept a (or z), so a given tax revenue raised through the a part of the tax is likely to have a larger employment cost than when raised through the t part. It is for this reason that the structure of taxation matters for equilibrium wages and unemployment when there is wage bargaining. In the competitive model, neither workers nor firms have any choice over the wage rate and so both a and t have a similar effect on wages and employment. Now, higher unemployment benefit implies higher unemployment in equilibrium because the cost of unemployment is less, but more risk aversion implies lower equilibrium unemployment because the risk of income loss associated with unemployment is costlier. Interestingly, however, when the policy parameter is ?, proportional taxation (ie, z=0) does not affect equilibrium unemployment, regardless of whether s =1 or s …1. The labour demand and wage equation shift down by the same amount in this case, and so taxes are absorbed by wages with no effect on employment. But if, when wages fall in response to taxation, benefits are not adjusted downwards, unemployment is higher when taxes are higher even when taxation is proportional.
Other things equal, regressive taxation (z>0) implies higher unemployment and progressive taxation (z<0) lower unemployment. Changing the structure of taxation by switching from the taxation of employment to the taxation of wages, ie by switching from z to t, reduces unemployment.
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In terms of parameters, the union bargain introduces two new ones, d and ?. d is a free parameter but it turns out from (12) and (13) that for s =0.7 or s =1, the solution for equilibrium unemployment, 1!n, is proportional to d. This is reassuring because there is no microeconomic evidence on d. The fact that the solution is proportional to d implies that the proportional effects of taxes on employment are independent of d. I therefore chose a value of d to give 6% unemployment in the absence of taxes, and so make the simulation results of the union model easier to compare with those of the competitive model.
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The required value of d turned out to be d=0.074. For the other parameter, ?, there is some evidence. Farber (1986 Farber ( , p.1063 reports that for Great Britain an estimate for the coefficient of risk aversion, obtained by Carruth and Oswald for mine workers, is 0.8. I use this value in the simulations. When ?=0.6, this risk aversion approximately gives ?=0.5, so it is equivalent to 10 percentage points off the replacement ratio. Since the estimate of ? may not be generally applicable, I also obtained solutions for ?=0.4 and ?=0.6, with similar results for the proportional effects of taxes.
SEARCH EQUILIBRIUM
The key departure of search equilibrium models from the competitive one is that there are heterogeneities (or mismatches) in the labour market that make it costly for a worker or a firm to find a partner with whom they can produce sufficiently high returns. The heterogeneities are assumed to lead to a transaction cost which plays a key role in equilibrium. Because of this transaction cost, unemployment arises more naturally in the search model than in the competitive one, with a definition that exactly matches its international survey-based definition. Also because of the transaction cost, there are local monopoly rents associated with each job, so apart from compensating workers for the value of their marginal product, wages also have to share a surplus that is not driven to zero by competitive forces. The solution adopted for wages is usually a solution to an implicit bargain, although the structure of the model does not change significantly if wages are determined by the firm acting as a monopsonist. What is more important for the empirical relevance of search models is whether the transaction costs are sufficiently large to generate monopoly rents that actually make a difference to the functioning of the labour market. I will show at the end of this section that even moderate transaction costs can lead to unemployment that is comparable to those in the models of the preceding two sections of the paper.
Labour market heterogeneities in aggregate search models are summarised in the matching function. The underlying assumption is that because of many potential mismatches in the labour market, workers seeking a new job and employers seeking a new worker have to spend some time looking for partners with whom they are well matched. The matching function gives the rate at which good matches are formed in the market. In its simplest form it depends only on two variables, the number of vacant jobs, v, and the number of job seekers, which is in turn approximated by the unemployment rate, u.
Let the matching function be,
with positive first partial derivatives, negative second derivatives and constant returns to scale. Thus, the properties of the matching function are similar to those of an aggregate production function and it should be interpreted in a similar light: it shows the rate of meetings taking place in the labour market given the institutional structure of transactions and the heterogeneities in the composition of jobs and workers. Any change in either the institutional structure of transactions (eg if government takes a more or a less active role in matching firms to workers) or in the composition of the labour force or jobs will shift the matching function. The usefulness of the function, however, depends on its stability over reasonably long periods of time.
Empirically it is found that a stable matching function of a few variables exists for many countries that have the appropriate vacancy data. The variables that are found significant, besides v and u, are variables related to the incentives that firms and workers have to look for a job, such as the level of unemployment benefit and length of eligibility, the proportion of long-term unemployment, the incentives offered by the state as part of 'active' labour market policies etc and variables that measure mismatch, such as the geographical distribution of vacancies and unemployment. Both sets of variables, however, tend to be quantitatively unimportant, with the possible exception of the length of time that unemployment benefits are available. 14 I will ignore them in what follows, so the disincentive effects of unemployment benefits that I consider work only through wages. Empirically, a reasonable approximation to the matching function in (14) is a CobbDouglas function, with the index on each variable not far from 0.5. 15 This is the function that I shall use in the simulations:
, µ>0, 0<?<1.
Apart from the introduction of the matching function, the search equilibrium model is deliberately specified as a competitive model. The matching function, however, necessitates several departures from the competitive model in important directions, the most important of which is in wage determination. Another important departure is that idiosyncratic shocks that necessitate worker reallocation between firms now have to be explicitly modelled, because the cost of making new matches implies that the frequency of such shocks will be one of the determinants of equilibrium employment. These departures have implications for the role of employment taxes in the determination of employment.
I assume that negative idiosyncratic shocks arrive at constant rate s. Negative shocks lead to the destruction of the job and the entry of the worker into the unemployment pool. The assumption of constant s is reasonable in a long-run equilibrium setting, as in this paper, though it is less appropriate for the cyclical analysis of job flows.
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The matching function implies that during a short period of time a worker looking for a new job finds one with probability less than one, even if there are enough jobs to satisfy all workers. On average, a worker finds a job in a period of unit length with probability m(v,u)/u and a firm seeking a worker finds one with probability m(v,u)/v. Under the assumption of constant returns to scale, we define a new variable ?/v/u, and write each probability as,
.
To derive first the demand for labour for given wage, we note that recruitment takes place when the firm posts a vacancy and a worker arrives to take the job. The firm that posts v i vacancies gets a flow of q(?)v i workers and if its current employment level is n i , it loses workers at the rate s. Therefore employment satisfies the dynamic constraint,
Posting a vacancy costs the firm c per unit period. Since with a worker flow of q(?) per period the average duration of each vacancy is 1/q(?), the average recruitment cost per worker is c/q(?). The demand for labour in the search model is modified to take account of this cost. With constant rate of discount r and constant rate of separation s, the cost of labour to the firm now becomes equal to the wage rate plus taxes plus the capitalised recruitment cost, (r+s)c/q(?). Therefore, the demand for labour in the economy as a whole is,
For the Cobb-Douglas matching function and the assumption that a=zw, (18) becomes,
The dynamic constraint (17) can be aggregated to the level of the economy as a whole, n replaced by 1-u, and ? replaced by v/u, to yield the Beveridge equation,
The steady-state version of the Beveridge equation for the CobbDouglas matching function is,
The production function (2), demand for labour (19) and Beveridge curve (21) can be solved uniquely for the three unknowns, y, n and ?, given the wage rate. Unemployment and vacancies are then obtained from the conditions u=1-n and ?=v/u.
The final equation needed to close the model is the wage equation. Wage determination in search equilibrium cannot be derived from an equality between appropriately defined supply and demand functions, because the firm and worker who are together have a net advantage over those outside. They have already undergone a costly process of search to find a good match. The sum of the costs of the two 18 sides corresponds to a local monopoly rent that has to be shared. In the Appendix I derive the wage equation from the leading approach in the search literature, which assumes that wages are determined as the solution to a Nash bargaining problem.
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In the full solution, the firm and the worker choose the wage rate after they meet by taking into account the fact that if they do not agree to form the job, their best alternative is to search for alternative partners. Thus, the solution is dynamic and it depends on the ease with which each side can find alternative partners. The ease with which firms find alternative partners relative to the ease with which workers find alternative partners depends on the ratio of the rate at which workers arrive to firms to the rate at which job offers arrive to workers, q(?)/?q(?) = 1/?. The wage rate depends inversely on this ratio, ie it depends positively on ?. The wage rate also shares the output produced by the worker (his marginal product) after it compensates the worker for giving up income b during unemployment to accept the job. If the share that goes to the worker is ß, the full wage equation is (see the Appendix for formal derivation),
Wages depend positively on the worker's marginal product and on unemployment income. They depend negatively on the fixed component of the tax, a, because it reduces the surplus from the job. They also depend negatively on the marginal tax t but as in the union model, the marginal tax reduces wages partly because it reduces the surplus from the job and partly because by agreeing to keep the wage lower, the firm and worker reduce the amount of tax they pay. Thus, again as in the union model, the marginal employment tax influences the slope of the wage curve but the intercept influences only its position.
Equations (22), (19) and (20) give a complete description of search equilibrium, as they can be solved in the three unknowns, w, n and v for some initial n 0 , given the production function and noting the definitional relations u = 1!n and v = ?u. Writing (once again) unemployment benefits as a constant fraction ? of the net wage, and making use of (19), we write the wage equation (22) )?
?
The equilibrium equations of the model with fixed replacement ratio are (2), (19), (23) and (21) in y, n, w, and ?. For the simulations, the parameters of the production function are assumed to be the same as before, A=k=1, a=0.3, s =0.7. The real interest rate r is taken to be 0.1. The separation rate s is the inverse of the average duration of a job, and with the year as the length of the period, it is taken to be s=1/5=0.2. The elasticity ? is chosen to be 0.5, which is the average of the elasticities estimated for the United Kingdom and the United States, and the share of labour ß is also taken to be 0.5, as assumed by the symmetric Nash bargain solution. The constant µ is free and chosen to yield a plausible value for the duration of unemployment, bearing in mind that the inverse of µ?
is the average duration of unemployment. I use µ=3.3, giving a duration of unemployment of just over 5 months at ?=0.5 and of 3.6 months at ?=1.
As in the union and competitive models, I set 1!?=0.4 and then choose c so as to get the same equilibrium solution for unemployment at zero tax that was obtained for the other two models, 6%. The required value of c turns out to be 0.4w, and gives a v/u ratio of 0.9 and duration of vacancies of 0.287 years. Since the assumed average duration of a job is 5 years, our parameters imply that on average the firm spends on each job 0.287 years paying recruitment costs 0.4w and 5 years paying wage costs w. Thus the total recruitment cost per job required to generate 6% unemployment in this model is only 2% of the total wage cost per job.
EFFICIENCY WAGES
This section considers another method of wage determination, 'efficiency wages'. Several apparently distinct models of labour market equilibrium are often included under this heading, ranging from fairly conventional models where the supply of labour to the firm depends on the firm's wage offer, to models of individual behaviour inspired by work in the other social sciences. The unifying theme of these models is that the wage rate is chosen by the firm and that the constraint facing the firm, which stops it short from pushing wages down to each worker's reservation wage, is that a higher wage extracts more labour input from the firm's workforce. For this reason, the term favoured by Phelps (1994) , 'incentive wages', is a more accurate description of the role of wages in these models than the more conventional 'efficiency wages'.
Models which build on the idea of efficiency wages include the early work in search theory by Phelps (in Phelps et al, 1970) and others, as recently refined and adapted to the OECD context by Phelps (1994) ; the more straightforward and simple assumption that higher wages bring about more effort from employees, first put forward by Solow (1978) ; the assumption that higher wages attract better quality workers due to Weiss (1991) ; and the assumption that high wages discourage workers from shirking due to to Shapiro and Stiglitz (1984) . Summaries of efficiency wage models appear in Johnson and Layard (1986) , Weiss (1991) and Phelps (1994) .
Although different models of efficiency wages do give rise to different results about labour market equilibrium, the main message is fairly general. The basic result is that wages in macro equilibrium end up being higher than the competitive wage because firms try to motivate their employees by offering them a premium over the market average. Since the market average is made up of their own wage offers, they cannot beat each other in equilibrium. The premium they offer results in too high a wage and so to unemployment. Thus, the incentives firms try to offer by making the inside job offer more attractive are eventually provided through a deterioration of the worker's outside options.
The model that I formalise here is due to Shapiro and Stiglitz (1984) , which can be developed in an environment similar to that of the search model in the preceding section.
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There are two main differences between the model of the preceding section and the model of this section. The first difference is in the method of wage determination and it is what makes this model an 'efficiency wage' one. The second difference is that there are no matching frictions in this model but there is unemployment, so the firm can recruit instantaneously, whereas workers have to wait until they are called to a job. I assume that the allocation of jobs to workers is done randomly. The fact that there are no frictions and there is always unemployment in equilibrium ensures that the firm can get all the surplus generated by the job, once the worker is compensated for his work effort. This is a limitation of the model and an extension to a matching framework can enrich the results by making wages depend on insider variables as well.
The role of unemployment in this model is to discipline workers into not shirking on the job, in contrast to the preceding models where the role of unemployment was to discipline wage demands. In this model, as firms try to offer a premium over what other firms are offering they push average wages too high, and so generate unemployment which disciplines workers by increasing the costs of a dismissal in the event of detection.
To formalise the idea, suppose as before that the equilibrium unemployment rate is u and that there is exogenous job destruction at the rate s. In stationary equilibrium, the hiring rate in the economy must be equal to sn, and since those hirings take place from the pool u, the rate at which unemployed workers find jobs is sn/u. Therefore, the returns of an unemployed worker, U, satisfy,
with the notation the same as before: b is unemployment compensation and E the expected returns from a job.
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A worker has the choice of supplying work effort e or not supplying any effort and being detected and fired with probability (in unit time), q. If the worker supplies effort or if he shirks but is not detected, he earns wage w i . The worker will supply effort if the wage he gets raises the returns from supplying it to those from shirking. The returns from supplying effort, E i ns , satisfy, The firm has to offer a wage that makes workers supply effort, but in this environment, it has no incentive to offer anything more than the minimum required. Therefore the wage equation satisfies, (25) and (26), and imposing symmetry, we get the wage equation,
The worker gets a premium over his reservation wage but the premium is not related to his productivity.
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It exists only because of the firm's inability to perfectly monitor the supply of effort. For our purposes, the most important implication of this wage equation is that given unemployment income, taxes do not influence the wage offer. In this respect the shirking model is closer to the competitive model than to the search or union models.
In order to complete the specification of the model we need to solve for the return from unemployment, U. Substituting from (24) and (25) into (28) and noting the definition u=1-n, we get,
This wage equation has the desirable property that wages depend negatively on equilibrium unemployment, even with a constant b/w ratio. Equation (29) is combined with the demand side of the competitive and union models, (2) and (3), to give unique solutions for wages, employment and output. As in the competitive model, taxes reduce employment by shifting the labour demand curve down, so only the total tax paid influences equilibrium, not the structure of taxation. What the efficiency wage assumption buys is a flatter 'labour supply curve', (29), which Shapiro and Stiglitz call the "no shirking condition".
The new parameters in this model are q and e. There is no empirical evidence on either, which is a serious limitation of the model in the simulations because with two free parameters, the condition that we used before, a 6% unemployment rate at a zero-tax equilibrium, is not enough to tie down the model. Using the assumption of 6% unemployment at the zero-tax equilibrium gives the following constraint on the parameters,
This gives a feasible range for the parameters, since both e and q have to be positive, but the range is still large. If we use the utility function of the competitive model and we literally assume that a shirker gets as much utility out of his time as a non-participant (which is unlikely because the shirker still has to show up at work), then the utility parameters at ?=1 imply e=0.1. Substituting this value into (30) gives q=1.835, ie a shirker is on average detected after 6 to 7 months. But then the elasticity of labour supply at the zero-tax equilibrium implied by these numbers (when ? is constant) is 0.12, which contrasts sharply with that obtained from the competitive model at ?=1.2, which is 0.013. The value of ? required to raise the elasticity of labour supply in the competitive model to 0.12 is approximately ?=1.65, which is much higher than a large number of empirical estimates.
In one sense, the calculations in the preceding paragraph show the power of the no-shirking condition: even when monitoring is such that a shirker is caught on average after 6 months, the no-shirking condition is ten times as elastic as the competitive labour supply curve (or more precisely, the competitive model that replicates the shirking model needs an elasticity of substitution between consumption and leisure of 1.65, in contrast to the estimated values around one or even below). But the assumption that the leisure that the shirker gets out of idleness is as much as the leisure that he gets from not going to work is extreme. In the absence of better information, I have taken half of the calculated utility gain as the benchmark, ie, I simulated the efficiency wage model for e=0.05 and q=0.723 (the value of ? required to make the competitive supply curve as flat as the no-shirking condition at e=0.05 is ?=1.57). The results should, however, be treated with caution, because sensitivity analysis shows that they are sensitive to the values of e and q chosen.
SIMULATION RESULTS
The four models are simulated for the parameters chosen in the text. Two sets of simulations are undertaken, one for a fixed ? and one for a fixed b (=?w). In the latter case the b is fixed at the point where ?=0.6 at zero taxation and 6% unemployment. The equations and parameters are reproduced here for convenience, with the same equation number as they appear in the text: 
Unions
For this model, ?=(1-?
)/(1-?). Unknowns y, n, w, parameter values: A=k=1, a=0.3, s =0.7, a=zw, ?=0.6 or ?=0.431/w, ?=0.8, d=0.074. 
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Efficiency wages
Unknowns y, n, w, parameter values: A=k=1, a=0.3, s =0.7, a=zw, b=0.6w or b=0. 431, r=0.1, s=0.2, e=0.05, q=0.723 . Table 1 reports the results of the simulations for the case of a constant replacement ratio. Recall that what this implies is that as the employment tax is cut and wages rise to reflect the higher demand for labour, unemployment benefits are increased so as to maintain the ratio of benefits to the post-tax wage rate.
The simulation results in Table 1 confirm that in the competitive model, where the structure of taxation does not matter, there are very small effects from a tax cut. Even a tax worth 60% of the wage bill, shown in the bottom row of the Table, costs only about half of one percentage point of unemployment. The tax is absorbed almost entirely by the wage rate.
The same is not, however, true of the efficiency wage model, where the structure of taxation also does not matter. Equilibrium wages in the two models differ at most only by about 1 to 2% at all levels of taxes, but unemployment in the efficiency wage model is almost double, at 10.9%, when there is a 60% tax. In this model, a reduction of the tax rate from say 40 to 20% of the wage rate can reduce unemployment by 1.6 percentage points and increase wages by about 15%. These differences between the competitive and efficiency wage models reflect the fact that the no-shirking condition is considerably flatter than the labour supply curve, but as warned in the preceding section, these results should be treated with caution because of too many free parameters in the efficiency wage model, and also because they imply far larger employment effects than any of the other models.
In the union model, proportional taxes are absorbed entirely by wages. The key in this model then is not the total amount of the tax but its structure. A revenue-neutral change of the tax system from a 20% lump sum to 20% proportional has the same employment effect as the abolition of the tax. Unemployment falls by 1.16 points, with virtually no change in the real wage. A similar implication about the benefits from reform of the tax structure is shown in the first row of the Table. A progressive tax with zero revenue has no employment or wage effects in the competitive and efficiency wage models, but reduces unemployment by almost a full point in the union model, for virtually no wage change. The results with the union model show that at least when the ratio of unemployment benefit to the post-tax wage is fixed, any concern with the total amount of the tax is misplaced. Structure is far more important and a reform of the employment tax structure from regressive to progressive can be one of the very few 'free lunches' that one encounters in the analysis of economic policy. The key property of the model that policy exploits in this case is the flatness of the labour demand curve, implied by s =0.7 and no adjustment costs. When the wage curve shifts in response to the change in the structure of taxation, the flatness of the labour demand curve gives rise to a large increase in the demand for labour and a small fall in real wages. A 0.5% fall in the wage buys a 1% increase in employment (and so a one percentage point reduction in unemployment).
The search model behaves very much like the union model, and for similar reasons, except that the magnitude of the employment effects is more subdued. Proportional taxation has no employment effects. The gain from changing a zero tax to a progressive 20% tax with no net tax revenue is half of 1% instead of a full point, for a wage fall of just over half of 1%. The gain from reforming the system from a 20% lump sum tax to 20% proportional is also about half of what it is in the union model. Table 2 shows the implications of the same tax rates for employment and wages when unemployment benefits are not adjusted each time the wage rate changes in response to tax cuts. The resulting equilibrium is vastly different from the earlier one. When taxes are cut from 40 to 20% of the wage, even in the competitive model there is a gain of about 6 percentage points of unemployment. In the efficiency wage model the gain is 10 points and even a proportional tax cut in the union model gives a gain of close to 5 percentage points. The odd model out in these simulations is the search model, where the existence of the matching function and the Beveridge curve mitigates the effects of any exogenous change on employment. A close look at the Beveridge equation (21) shows that even very low values of the vacancy-to-unemployment ratio imply modest unemployment rates (for example, at tax rates z=0.4 and t=0.2, ? falls to 0.17, implying a mean duration of vacancies of 1.5 months and a mean duration of unemployment of nearly 9 months). As a result, the gain from a tax cut from 40 to 20% in the search model is a modest 1.7 points of unemployment, even with fixed real benefits. Note, however, that the assumption of a fixed benefit implies that at 40% tax the replacement ratio is 80% whereas at 20% tax it is 70%.
CONCLUSIONS
The analysis of the four equilibrium models of employment determination has brought out an important fact. Although there are forces on the supply side of the labour market that stop wages from fully absorbing the employment taxes, once unemployment benefits are indexed to the post-tax wage these forces are too weak to introduce much 'real wage resistance'. So across-the-board tax cuts are not likely to have much of an impact on employment: real wages are likely to absorb the tax changes if unemployment benefits are increased in proportion to the wage rate when the taxes are cut.
But if unemployment benefits are not indexed to wages (and are held fixed in real terms), the employment effects of the tax cut can be sizeable. I estimated that a 10% cut in the taxes levied on employers could reduce equilibrium unemployment by up to 1 percentage point. It would also increase wages by about 3% and so reduce the unemployment replacement ratio by about 2 percentage points.
The results derived under the assumptions of union wage bargaining and search, where there are monopoly rents and wages are determined by a bargain between employers and employees, point to another issue which is as important in the design of policy. Proportional and progressive taxes in the presence of monopoly have much less of an impact on employment than regressive taxes. In countries where there is a regressive tax (that usually takes the form of a fixed component in the tax levied on employers, or of a ceiling on social security contributions), a revenue-neutral reform of the tax system to a proportional or progressive tax can have bigger employment effects than an across-the-board reduction in the marginal tax rate. Moreover, the gains from revenue-neutral reform come close to a 'free lunch', since a small drop in real wages of about half of 1%, even when combined with indexed unemployment benefits, could save more than a full point of unemployment.
The models that we simulated are all 'representative agent' models, so they can not be used to analyse the impact of targeted 30 reductions in taxes. But since when tax cuts are concentrated on the low-paid the whole structure of the tax becomes more progressive, when wages are determined by bargaining the models imply that tax cuts targeted on low incomes have bigger employment effects than general tax cuts.
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In terms of similarities and differences, the models differ in a variety of ways, though they have similar implications about the interaction between unemployment benefits and tax cuts. In general, tax cuts have smaller employment effects in the competitive model and larger ones in the efficiency wage model (both of which imply that the structure of taxation is irrelevant).
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When the replacement ratio is fixed, there are only small differences between the predictions of the competitive, union and search models, except that structure has a large impact in the last two. Perhaps surprisingly, it turns out that when real unemployment benefits are held fixed, tax cuts have their smallest impact in the search model (because the number of vacancies absorbs some of the shocks), with the other three models having similar predictions.
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(?)(J & V).
There is an underlying assumption of a perfect capital market with interest rate r. c is the cost of keeping an active job vacancy and J is the expected return from a filled job. Equation (30) says that with a perfect capital market, the capital market cost of a vacant job, rV, has to equal the labour market return: a cost c and a capital gain equal to J-V, received with probability q(?).
In competitive equilibrium and without restrictions on job creation, firms will create jobs until the expected net return from one more vacant job is driven to zero. Therefore, the equilibrium condition on job creation is V=0, which, after substitution into (30) becomes, (31) J ' c q (?) .
Since 1/q(?) is the expected duration of a vacancy, (31) states that in equilibrium, the expected profit from a job has to cover the expected cost of a vacancy. The right-hand side of (31) corresponds to a recruitment cost borne by the firm. The expected returns from a filled job satisfy
The interpretation of this equation is similar to that in (32). The labour market return from a filled job is the worker's marginal product, which I write for convenience as yN, less the total labour cost (1+t)w+a, less the loss from an idiosyncratic shock that leads to the destruction of the job.
The worker's expected returns from unemployment satisfy (33) rU ' b % ?q(?)(E&U), where U stands for the unemployed worker's expected returns, b for (an indefinitely available) unemployment income and E for the expected returns from a job.
Finally, the employed worker's expected returns satisfy
with the notation already defined.
The wages of a meeting pair of firm and worker i are obtained from the solution to the following maximisation problem,
where ß is a parameter between zero and one (normally taken to be 0.5 in symmetric situations, with firm and worker using the same rates of discount) and the index i distinguishes the insider job from the average job outside. Since, however, we assume that all job matches are equally productive -the natural extension of the assumption of a representative agent to this context -the solution for wages will be the same in all jobs. Carrying out the maximisation gives rise to the first order condition,
The Nash bargain solution implies that the share of the worker from the surplus that the job creates is influenced by the marginal tax rate. The reason is that as more of the share is shifted from the firm to the worker the pair pay more taxes, which is a net loss to both. In contrast, the fixed component a does not influence the share, because how much the pair pay is independent of their wage choices.
Making use now of the value equations, the maximisation condition and the equilibrium condition V=0, we get the wage equation,
Equation (37) states that the worker gets his 'reservation wage' rU, plus a fraction ß of the net output that is created when he gives up the state of unemployment to take a job. rU is the reservation wage because U is the value of unemployment and so rU is the permanent income of the unemployed. Equation (37) is the basis of an empirical wage equation derived from the search model. In general terms, it says that the wage rate should be a weighted average of the worker's reservation wage (the outside factors) and the net marginal product of labour (the inside factors). A semi-reduced form equation for wages is derived by substituting rU out of (37) by making use of (33) and the maximisation conditions (36) and (31), to obtain equation (22) of the text.
